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affects the fecundity of the red cusk-eel,
Genypterus chilensis (Guichenot) (Pisces, Ophidiidae) in Chile
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Abstract

The occurrence of the dracunculoid nematode Philometra chilensis Moravec, Chavez et Oliva, 2011 (Philometridae) infecting
the ovary of the red cusk-eel, Genypterus chilensis (Guichenot), off the Pacific coast of northern Chile is reported. A sample of
266 fish specimens (total body length 34-96 cm) revealed the nematode overall prevalence (April 2007) of this parasite to be
18.5% and the mean intensity of infection 17.9 (SD = 30.8). All infected fish were mature females. The present results suggest
that infection by the nematode shows seasonality and coincides with specific reproductive stages of the red cusk-eel, a partial
spawner, and as a result the infection can affect the reproductive success of the host.
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Gonad-infecting parasites of the genus Philometra Costa,
1845 may cause considerable damage to the ovary tissue of
the fish host, affecting the fish’s reproductive success
(Moravec and Justine 2009, Perez et al. 2009). Only two ex-
amples of Philometra sp. infections of the gonads of Chilean
marine fish have been reported: In the Peruvian sea bass, Para-
labrax humeralis (Valenciennes) (Serranidae), a close associ-
ation was found between fish size at first maturity and infec-
tion, where only fish larger than those at the first maturity
(males and females) were found to be infected (Oliva et al.
1992). In the fine flounder, Paralichthys adspersus (Stein-
dachner) (Paralichthyidae), both males and females were in-
fected; a relationship between host size and prevalence and
mean intensity of infection was not evident, but the values of
prevalence and mean intensity were higher in females than in
males (Oliva ef al. 1996).

Two hundred and sixty six specimens of the red cusk-eel
Genypterus chilensis obtained from local fishermen in Tal Tal
(25°23°S, 70°30°W) (northern Chile) during February (males
27, females 62), April (males 36, females 54) and September
2007 (males 35, females 54) were studied. Fish were stored

sand frozen (—18°C) until their examination in the laboratory.
After being thawed, each specimen was measured (total body
length + 1 mm) and macroscopically sexed. Gonads were ex-
amined for infection by Philometra chilensis. Specimens of
P. chilensis were fixed and preserved in 70% ethanol. The
prevalence and mean intensity of infection were calculated ac-
cording to Bush et al. (1997).

Due to the non-normality of intensity data, a Spearman
rank correlation was used to test a potential correlation be-
tween host total body length and intensity of infection.

The sizes of sampled fish ranged from 34 to 96 cm total
body length (mean + SD, 63.6 + 11.3). Specimens of Philome-
tra chilensis were recorded only in ten mature fish females
caught in April (see Moravec et al. 2011) when the highest
proportion of mature females was found (96.4%). Proportion
of mature females for February and September was 67.7% and
80.7%, respectively. The intensity of infection ranged from 1
to 99 (mean + SD 17.9 + 30.8) and was not correlated with
host total body length (r=0.11, n= 10, P>0.5) suggesting that
a cumulative infection does not occur. Few works regarding
philometrids include information about quantitative aspects
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of the infection. The highest previously reported intensity of
infection was 49 worms in one fish, when the mean intensity
was 5.5 (Perez et al. 2009).

All of the infected fish females were mature, and the small-
est infected fish was 57 cm in total body length. The highest
infection recorded comprised 99 specimens of P. chilensis in
a fish 75.8 cm in length. The worms harboured eggs and lar-
vae in their uteri. The worms took up almost the entire space
of the gonad suggesting for this specimen an almost complete
parasitic castration.

The present results suggest that when P. chilensis infects
the gonads of its host, it can affect the host’s fecundity when
the number of worms is high. The negative impact of gonad-
infecting philometrid nematodes on the reproductive success
of their hosts has been suggested by Moravec and Salgado-
Maldonado (2007), Moravec et al. (2007, 2008) and Perez et
al. (2009), among others. Oliva et al. (1992) found no evi-
dence of histological damage in the gonads of Paralabrax
humeralis infected by Philometra sp., although a moderate
leukocytic infiltration was detected.

A close relationship between reproduction of the host and
parasitic infection has been suggested by Oliva ef al. (1992).
They indicated that fish that had grown larger than their size
at first maturity are likely to be infected, but immature fish
and hermaphrodites are not susceptible to infection. Perez et
al. (2009) suggested synchrony between parasite maturity and
reproductive status of the host fish. According to Chong and
Gonzalez (2009), the size at first maturity (size when 50% of
specimens are mature) for G. chilensis is 72.4 cm total body
length, but the smallest mature fish was 55 cm in length. In
our sample, the smallest fish that was parasitized was a female
of 57 c¢m total body length, suggesting that, as observed in
Paralabrax humeralis, infection can occur shortly after first
maturity.

Infected fish were detected only in April, which is autumn
in the southern hemisphere. Genypterus chilensis is a partial
spawner, and gonad maturity begins in winter, with a spawn-
ing period from August to November and a secondary spawn-
ing at the beginning of autumn (April) (Chong and Gonzalez
2009). The absence of specimens of P. chilensis in fish col-
lected during September, which coincides with the main
spawning period, can be explained by the type of reproduc-
tion (partial spawning), as was suggested by Perez et al.
(2009). Because of repetitive spawning, worms can be ex-
pelled from the gonads into the water column together with
the host’s eggs.
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Acknowledgments. These results were funded by grant 1050585
from the National Fund for Science and Technology (FONDECYT)
of Chile.

References

Bush A.O., Lafferty K.D., Lotz J.M., Shostak A.W. 1997. Parasitol-
ogy meets ecology on its own terms: Margolis et al. revisited.
Journal of Parasitology, 83, 575-583. DOI: 10.2307/32
84227.

Chong J., Gonzales P. 2009. Ciclo reproductivo y talla media de ma-
durez del congrio colorado, Genypterus chilensis (Guichenot,
1881) en el litoral de Talcahuano, Chile. Revista de Biologia
Marina y Oceanografia, 44, 257-262.

Moravec F., Chavez R.A., Oliva M.E. 2011. A new gonad-infecting
species of Philometra (Nematoda: Philometridae) from the
red cusk-eel Genypterus chilensis (Osteichthyes: Ophidiidae)
off Chile. Parasitology Research, 108, 227-232. DOI:
10.1007/s00436-010-2054-0.

Moravec F., Justine J.L. 2009. New data on dracunculoid nematodes
from fishes off New Caledonia, including four new species of
Philometra (Philometridae) and Ichthyofilaria (Guyanemi-
dae). Folia Parasitologica, 56, 129—-142.

Moravec F., Magi M., Macchioni F. 2008. Redescription of the
gonad-infecting nematode Philometra saltatrix Ramachan-
dran, 1973 (Philometridae) based on specimens from the type
host Pomatomus saltatrix (L.) (Osteichthyes) from the Tus-
can Sea, Italy. Folia Parasitologica, 55, 219-223.

Moravec F., Prista N., Costa M.J. 2007. Meagre Argyrosomus regius
(Osteichthyes) as host of a gonad-infecting species of Phi-
lometra (Nematoda: Philometridae) off the Atlantic coast of
Portugal. Disease of Aquatic Organisms, 78, 83—86. DOI:
10.3354/dao01860.

Moravec F., Salgado-Maldonado G. 2007. A new species of Philome-
tra (Nematoda, Philometridae) from the gonads of the rock
hind Epinephelus adscensionis (Osteichthyes) from the south-
ern Gulf of Mexico. Acta Parasitologica, 52, 376-381. DOI:
10.2478/s11686-007-0044-x.

Oliva M.E., Castro R.E., Burgos R. 1996. Parasites of the flatfish
Paralichthys adspersus (Steindachner, 1867) (Pleuronecti-
formes) from Northern Chile. Memorias do Instituto Oswaldo
Cruz, 91, 301-306. DOI: 10.1590/S0074-02761996000300
0009.

Oliva M.E., Bérquez A.S., Olivares A.N. 1992. Sexual status of Para-
labrax humeralis (Serranidae) and infection by Philometra
sp. (Nematoda: Dracunculoidea). Journal Fish Biology, 40,
979-980. DOI: 10.1111/1.1095-8649.1992.tb02645 x.

Perez G.R., Roumillat W.A., Levesque E.M., Connors V.A., de Buron
I. 2009. Synchronization of occurrence of the ovarian
philometrid, Philometra carolinensis, with the spawning sea-
son of its fish host, the spotted seatrout, Cynoscion nebulosus.
Parasitology Research, 104, 1079—1085. DOI: 10.1007/s00
436-008-1291-y.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Dutch801HdEU-Italic
    /Dutch801HdEU-Normal
    /Dutch801SeBdEU-Italic
    /Dutch801SeBdEU-Normal
    /MyriadPro-Black
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldCond
    /MyriadPro-SemiboldIt
    /MyriadWebPro
    /MyriadWebPro-Bold
    /MyriadWebPro-Italic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Swiss911BT-UltraCompressed
    /Swiss921BT-RegularA
    /Swiss924BT-RegularB
    /SymbolITCbyBT-Bold
    /SymbolITCbyBT-BoldItalic
    /SymbolMT
    /SymbolProportionalBT-Regular
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




